RESULTS
Twenty-four hours following injection, no deaths had occurred among 186 paraquat rats and 111 control rats. However, paraquat rats had sharply curtailed their food and water intake, and they had lost 12.0 SD 2.0 % of initial body weight (P < 0.001, Table 1 ). Lungs were heavier in paraquat rats (567 SD 0.68 vs. 5.27 SD 0.64 g/kg, I, < 0.001, Table 1 ), but the trends we observed toward low& dry/wet weight ratios, lower maximal inflation volume, higher collapse volume, and right shift of the air-deflation pressure-volume diagram failed to achieve statistical significance (Table  1 , Fig. 1 ). Lung lavage fluids from paraquat rats contained only 69 % as much surface-active material as those from saline controls (P _< 0.01, Table 2 ). The only change to achieve statistical significance was the consistent decline in content of phosphatidylethanolamines (P 5 0.02).
During the first 24 h after injection of paraquat, rats in metabolic cages excreted an average of 11.6 ml of urine (controls 12.6) but appeared to drink significantly less. The results of altered water balance were presumably reflected in the measurements of hematocrit and dry/wet weight ratio of whole blood and of blood plasma obtained at 24 h (Table 3) . Despite the general body dehydration, lungs of paraquat rats examined at 24 h after injection had increased in weight (Table  1 ). The ultracentrifuged lung lavage fluids from paraquat rats containedmore than twice as much protein as those from controls (P < 0.001, Table 1 ). At 24 h following paraquat injection, there were statistically significant increases in plasma lactate and plasma triglycerides and a trend toward increase in average plasma free fatty acid levels which did not achieve statistical significance (Table 3) .
Twelve hours after intravenous injection of paraquat, body weight had already fallen by more than 8 % (P < 0.001, Table  1 ), but we found no statistically significant In the presence of 4.5 X 10e4 X1 paraquat (comparable to estinlatcd initial tissue fluid concentrations in the wholeanimal studies), lung tissue slices fro111 healthy rats liberated 4 tilues as lnuch 14C0.1 from carbon 1 of radiolabeled glucose as did control slicrs (Fig. 4) . Since 14C0, from [6J4C]glucose was c\-olvcd in the presence of paraquat at a rate that did not dialer significantly from controls, these findings suggest strongly that paraquat induced increased activity in the hexosc tnonophosphate oxidative pathway, without much effect on oxidation of glucose via the tricarboxylic acid pathway.
The presence of 95 %I oxygen did not alter these results (Fig. 4) . In further studies evolution of 14C09 from oxidation of labeled acctatc was nearly unchanged, but incorporation of [14C]acetate into lung lipids was reduced by nearly 70% (Fig. 5) .
Paraquat had no statistically signiGcant cll'ect on lactate/ pyruvate ratios of rat lung slices, whether incubated in 5 % CO s-air or 5 ';'o COZ-oxygen ( (Tables 1 and 3) . By light microscopic examination, we were unable to detect histologic differences between the lungs of control and paraquat rats. In four rats given paraquat, disappearance from blood plasma occurred rapidly with an initial half-lift of approximately 15 min and a subsequent half-life of roughly 45 min (Fig. 3) . In two urine specimens obtained by direct bladder
In these studies lung edema was prcsent,by 24 h following injection of paraquat: the lungs gained weight (7.5 %, Table I ), showed interstitial fluid accumulations (Fig. 2) , and showed markedly increased protein concentration in lung lavage fluids (Table 1) . D uring this salne period totalbody weight declined by 12 % (Table  l) , but the dry/wet weight ratio of blood and plasma increased ( Table  3 ), suggesting that a net loss of total-body water occurred at the Figure 4 indicates that rat lung tissues demonstrate major changes in oxidative metabolism and lipid synthesis when exposed in vitro to 4.5 X 1 OS4 M paraquat, a concentration equal to the peak expected in body water during our whole-animal studies. Recent reports have indicated that diquat (1 , 1 '-ethylene-2 ,2'-dipyridilium), a bipyridylium herbicide closely related to paraquat, causes formation of the highly reactive superoxide radical (36) and that increased activity of the enzyme superoxide dismutase is found in rats which have become "tolerant" to hyperoxia (7). It seems likely that formation of superoxide radicals plays a role in the toxic effects of paraquat, and recent reports (1, 9) have indicated protection against paraquat effects in rats by the enzyme superoxide dismutase.
These studies were initiated to learn whether paraquat causes surfactant depletion in rat lungs before edema occurs. By chenlical, gravimetric (Table  1) , and histologic ( Fig. 2 ) means we have found clear evidence of lung edema 24 h after paraquat.
At the same time (but not earlier) we found less surface-active material in alveolar lavage fluids (Table  1) but were unable to demonstrate any statistically significant change in lung volumes or elastic behavior (Table  1 and Fig. 1) . It thus appears that paraquat has led both to alveolar edema and interference with alveolar surface-active material by 24 h after intravenous administration. We conclude that paraquat intoxication is not a suitable model for studying uncomplicated perturbation of the surfactant system. 9. DAVIES, D. S., AND D. L. DAVIES.
